C lavicle fractures account for approximately 15% of all fractures in children. [1] [2] [3] [4] [5] Midshaft clavicle fractures are the most common, representing 70% to 90% of fractures. 1, [6] [7] [8] [9] Due to the excellent healing potential in children, even significantly displaced adolescent clavicle fractures have traditionally been treated nonsurgically. 1, 3, 10 However, recent studies in adults have reported higher rates of nonunion and impaired biomechanics following nonsurgical management of displaced and shortened fractures. 4, 8, [11] [12] [13] [14] The changing approach to clavicle fracture treatment in adults has raised new questions regarding treatment in the adolescent population. The purpose of this study was to compare fracture characteristics and short-term complications for adolescent midclavicular fractures treated surgically compared with those treated nonsurgically.
Materials and Methods
This study was a single-institution, retrospective review of all clavicle fractures sustained by adolescents 14 to 17 years old from January 2005 to January 2013. Institutional review board approval was obtained for all aspects of the study. Inclusion criteria were midshaft clavicle fractures in adolescents. Medial or distal shaft fractures, pathologic fractures, and fractures with inadequate radiographs were excluded. Patients who had sustained fractures to both clavicles in separate, unrelated injuries were included, and each fracture was considered a distinct case in this study. Medical records were reviewed to gather information on patient demographics, injury mechanism and severity, treatment method, followup length, and complications. A complication was defined in this study as any subsequent adverse event (eg, refractures or delayed bone healing that necessitated further treatment). Radiographic images at the time of injury were reviewed to determine fracture pattern and displacement and to assess for the amount of shortening. Injury mechanism was assessed as high, medium, or low energy:
1. Low energy: falls, running or playground injuries 2. Medium energy: sports, bicycle, wrestling, and skateboard injuries 3. High energy: football, hockey, skiing/snowboarding, all-terrain vehicle, motocross, and motor vehicle collision injuries.
In the nonsurgical group, patients were treated in a sling, in a figure-8 splint, or with immobilization. In the surgical group, surgical fixation was performed with plate or intramedullary nail fixation. Patients were followed until radiographic union.
Statistical comparison of injury severity, fracture characteristics, and treatment method with patient demographics were analyzed using the chi-square test and the 2-tailed Fisher's exact test. P values were reported to show the probability of having a significant association. The significance level was determined to be a P value less than .05. Descriptive statistics were reported as numbers for all variables of interest (percentage, mean, range). The surgically treated fractures were all displaced, with a mean shortening of 2.0 cm (range, 0.6-3.4 cm). Of the 130 nonsurgically treated fractures, 89 (68.5%) were displaced, and mean shortening was 0.9 cm (range, 0-3.0 cm; P<.001), including 13 (10%) fractures with more than 2 cm of shortening. Comminution was more common in the surgical group than in the nonsurgical group (65.2% vs 23.1%, respectively; P<.001). Five (21.7%) surgical patients experienced complications, including refracture (n=2), implant removal for prominence (n=2), and nonunion with implant failure (n=1). One complication 
discussion
Recent studies in adults have supported the surgical management of displaced clavicle fractures, showing high rates of nonunion and functional deficits compared with the uninjured side, particularly for fractures with more than 2 cm of shortening. 4, 9, 11, 12, [15] [16] [17] As a result, clavicle fractures in adolescents are more frequently treated with surgery. 10 However, the literature describing surgical fixation of clavicle fractures in children and adolescents is limited.
1,2 The current series reported a high complication rate (22%) for surgical fixation of clavicle fractures, with 2 refractures, 2 implant removals, and 1 implant failure. Both cases of refracture occurred approximately 10 months after the original injury due to the same mechanism-one from motocross and the other from bicycle motocross. One patient was subsequently treated with immobilization, and the other underwent repeat surgical fixation. The nonunion occurred in a 16-year-old girl who sustained multiple traumas from an all-terrain vehicle accident and underwent intramedullary nail fixation. At 7-months follow-up, radiographic images showed that the intramedullary nail had broken and the fracture had not healed. All workups for infection were negative, and the patient underwent revision surgery with plating and autologous bone graft, which resulted in union (Figure 2) . Overall, 4 (17.4%) patients required an additional surgery. Kubiak and Slongo 1 reviewed a series of 15 patients with a mean age of 13.1 years (range, 9.3-15.6 years) who underwent surgical fixation of clavicle fractures. Although all patients had satisfactory outcomes and minimal complications, all of those who had wire or nail fixation (n=13) eventually underwent a second surgery for implant removal. 1 Mehlman et al 18 reported on a series of 24 patients with a mean age of 12 years 8 months (range, 7-16 years) who underwent surgical fixation for displaced midshaft clavicle fractures. All fractures healed with only minor complications, although all patients elected for a second surgery for implant removal.
18
Vander Have et al 2 retrospectively compared the surgical and nonsurgical treatment of clavicle fractures in adolescents. Three (17.6%) of 17 surgical patients underwent elective hardware removal. Conversely, in the nonsurgical patients, the authors found a high rate of symptomatic malunions, with 80% of those patients undergoing a corrective osteotomy for indications such as painful bony prominence and weakness with overhead activities. 2 In contrast, for the current series of fractures, no patients treated nonsurgically sustained a malunion that required delayed surgical fixation or corrective osteotomy. One (4.3%) nonunion occurred in 23 surgical fractures, which is more consistent with earlier studies in adults. 9, 17 Although, on average, there was more shortening and comminution in the surgical group, 13 (10%) fractures in the nonsurgical group had shortening greater than 2.0 cm and 30 (23%) fractures were comminuted. Thus, due to a lack of definitive outcomes data, fractures with similar radiographic appearances may be treated surgically or nonsurgically based on surgeon and family decision making.
The rate of implant removal in the authors' surgical cohort also differed from the existing literature, indicating wide practice variability. 1, 2, 18 Some surgeons prefer to remove the implant in all patients after clavicle fracture union, whereas others plan for additional surgery only if the patient complains of symptomatic hardware. In either case, adolescent patients undergoing surgical fixation for clavicle fracture must be warned of the possibility of return to the operating room to remove the implant.
Physician preference continues to play an important role in the decision to oper- At the authors' center, it appears that surgical management is favored by their orthopedic trauma specialists (32.6% of fractures) rather than by their pediatric orthopedic team (10.3%), despite the lack of significant difference in clavicle shortening in patients seen by the 2 groups (1.3 vs 1.1 cm, respectively; P=. 19) . Orthopedic trauma surgeons operated on nearly all fractures with more than 1.5 cm of shortening. The majority of patients who received surgical treatment by the authors' pediatric orthopedic surgeons had a vertical fragment or severe comminution. The overall surgical group had a mean fracture shortening of 2.0 cm, consistent with the relative indication for surgery utilized by most surgeons, although some fractures with 100% displaced but minimal radiographic shortening also underwent surgical treatment. 2, 3, 5, 12 Thus, further data are needed to determine how much shortening results in impaired shoulder function and at what degree of skeletal maturity remodeling becomes insufficient to restore acceptable shoulder function.
The main limitations of the current study include its retrospective design, the lack of patient-reported outcomes, and its follow-up only until fracture union. Nevertheless, this series showed a low rate of reoperation and complications in the nonsurgical group compared with the surgical group. Given the rate of complications in surgically treated fractures, significant functional benefit must be demonstrated to support surgical management of displaced clavicle fractures in adolescents. Recent data in nonsurgical adolescent clavicle fractures suggest subtle functional deficits on motion analysis testing, although no comparison studies to operative clavicle fractures have been done. 19 This may provide valuable information regarding the long-term functional results of nonsurgical treatment vs surgical treatment of displaced, shortened clavicle fractures.
conclusion
The authors' series showed satisfactory results in patients undergoing surgical and nonsurgical treatment of displaced clavicle fractures. Patients and families should be counseled about the treatment outcomes and the likelihood for reoperation due to prominent implants, refractures, or nonunion following surgical treatment. Patients who participate in activities with high-energy mechanisms of injury should be warned about returning to activity too early due to the possibility of refracture. Most patients treated surgically by pediatric orthopedic surgeons had a vertical fragment with comminution. Non-pediatric orthopedic specialists operated on a higher percentage of displaced clavicle fractures in adolescents, showing that a wide practice variation remains for the management of midshaft clavicle fractures in this age group.
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